Aims/hypothesis. We studied the role of diabetic complications and comorbidity in the association between diabetes and disability in the elderly. Methods. Data were from a nationally representative sample of 5632 older Italians, aged 65 years and older, and who participated in the Italian Longitudinal Study on Aging. Clinical diagnoses of diabetes and other major chronic conditions were made by a physician, while disability was assessed by self-reported information on activities of daily living and physical performance tests. Results. After adjusting for age, education and BMI, disability on the basis of activities of daily living was associated with diabetes in women, but not in men (odds ratio [OR] 1.65, CI: 1.22-2.23 and OR 1.21, CI: 0.84-1.75 respectively). In contrast, the association between severe and/or total disability on the basis of physical performance tests and diabetes was strong in both sexes (OR 2.81, CI: 1.44-5.41 and OR 2.16, CI: 1.25-3.73 respectively). Adjusting for traditional complications and comorbidity reduced the excess odds of disability by 38% in women and by 16% in men. Conclusions/interpretation. Disability in older Italians with diabetes is frequent and only partially attributable to traditional diabetic complications and comorbidity.
Introduction
The large increase in the incidence of diabetes among the elderly is an issue of great concern. Indeed, in addition to all traditional complications, higher rates of disability are reported [1] , although the key factors explaining such a relationship are not yet very clear.
Most studies have focused on difficulties encountered with activities of daily living (ADL), because they are strong predictors of morbidity and mortality [2, 3, 4] . The objective of this paper is to assess the burden of disability in a sample of older Italians with diabetes, and the role of comorbidity and diabetic complications in determining disability.
Subjects and methods
Study population and protocol. The Italian Longitudinal Study on Aging (ILSA) has been described in detail elsewhere [5] . A random sample of 5632 individuals aged 65 to 84 years, stratified by age and sex using an equal allocation strategy, was identified on the demographic lists of the registry offices of eight municipalities. This paper is based on data from the baseline survey, which was carried out in 1992 and included two phases:
1. A screening phase, with a personal interview on self-reported conditions, selected risk factors, a fasting blood sample, and an examination by a physician. 2. A second phase for participants who screened positive for angina, myocardial infarction, heart failure, hypertension, stroke, diabetes, distal symmetric neuropathy, Parkinsonisms, or dementia. This phase was based on the clinical assessment by a specialist. Details on the diagnostic criteria and prevalence rates of diseases have been previously published [6] .
In particular, the criteria for a positive screening result for diabetes were: (i) self-reported diagnosis or treatment; (ii) fasting glycaemia 7.78 mmol/l or higher. Subjects who screened positive were evaluated by an internist, after a second blood glucose measurement of 7.78 mmol/l or higher and/or review of medical records. Physical functioning was assessed on the basis of selfreported degrees of difficulty in various ADL, e.g. eating, continence, getting in and out of bed, toileting, dressing, bathing, and by selected physical performance tests (PPT), namely standing up from a chair, climbing one step, tandem walking, standing on one leg, number of steps to turn around, walking speed.
The ADL total score ranged from 0.33 to 1, and was ranked as follows: (i) 0.33: subject is completely independent; (ii) 0.33-0.56: subject dependent on help for 2 ADL at most; (iii) 0.56-0.78: subject dependent on help for 3 ADL at most; (iv) 0.78-1: subject dependent on help for 4 or more ADL.
With regard to PPT, the score range was 0 to 1, with the following ranking categories: (i) 1: the subject is completely independent; (ii) 0.66-1: mild dependency; (iii) 0.33-0.66: moderate dependency; (iv) 0-0.33: severe/total dependency.
The protocol and the aims of the study were fully explained to each subject before they provided written informed consent. The protocol was approved by the Ethics Committees of the participating centres.
Statistical analysis. All statistical analyses were run using SAS Software (SAS 8.02; SAS Institute, Cary, N.C., USA). Data were weighted according to sample scheme coefficients. The association of sex, selected conditions and diabetes was inves- Data are ILSA-weighted data. a Depressive symptoms cut-off for Geriatric Depression Scale [9] : >20. BMI was based on direct measures of height and weight. MI, myocardial infarction; DSN, distal symmetric neuropathy tigated with the chi square test. The comparison of mean age, BMI and heart rate by diabetic status was evaluated through the General Linear Model, after controlling the assumption of homoskedasticity with Levine's test.
A multinomial logistic regression model was used to assess the association between diabetes and disability based on ADL and PPT scores, while controlling for age, education and BMI.
A "basic" logistic model, with only age, education and diabetes, was constructed to evaluate the association between diabetes and disability in PPT; then, each comorbid condition was added separately to the basic model to evaluate its contribution to the association between diabetes and disability.
Finally, the association of diabetes and disability was evaluated on the basis of simultaneous consideration of all comorbid conditions.
Results
Of 5632 participants, complete information on diabetes was available for 2586 women and 1912 men (80% of overall sample). Of these, 349 women (13.5%) and 246 men (12.9%) were diagnosed with Data are ILSA-weighted data. PPT, physical performance test diabetes at baseline. General characteristics of the sample are presented in Table 1 . Compared with participants without diabetes, women and men with diabetes had higher BMI and a higher prevalence of angina, myocardial infarction, stroke, distal symmetric neuropathy and depressive symptoms. Women with diabetes were older, had lower educational status and were more often current smokers. They were also diagnosed more often with heart failure, reported more cases of cancer and incontinence, and had higher heart rates. With regard to the treatment of diabetes, about 16% of all diabetic subjects were taking insulin, while about 60% of women and 50% of men were being treated with oral hypoglycaemic agents.
Prevalence rates of disability in ADL were higher among women with diabetes, while no significant differences were detected among men. With regard to PPT, the prevalence rates of disability were higher among diabetic patients in both sexes ( Table 2) .
The duration of the disease had no effect on the association with disability in either sex, while a positive association was found for disability according to PPT in insulin-treated men. Indeed, 68% of insulin-treated men had a PPT-based disability, compared with 38% of male patients treated with oral hypoglycaemic agents and 25% of male patients treated by diet (data not shown).
After adjustment for age, education and BMI, women with diabetes had higher odds of reporting dis- Among women, significant odds were also found, except for the items 5-metres walk and turning around (Table 3) . Among both women and men, BMI was the single most important condition explaining the increased risk among diabetic patients of disability according to PPT (16% and 8% of the increased risk respectively). When cardiovascular diseases were added to BMI, this accounted for 18% and 13% respectively. Controlling for other conditions, including depressive symptoms and distal symmetric neuropathy, explained only a modest increase of disability. When all conditions were controlled for, this explained 38% of the excess risk in women and 16% in men (Table 4) .
Information on peripheral artery disease was only available in a subsample. The excess risk of disability explained by it was about 8% in women and 5% in men. With regard to selected diabetic complications, such data were collected only for subjects who screened positive and underwent the second phase. We didn't have a full evaluation for autonomic neuropathy, but based on reported symptoms (postural hypotension, diarrhoea, and excessive sweating), we estimated a prevalence rate of 20.2% in women and 12% in men with diabetes. A significant association with disability according to ADL and PPT was only found in men (p<0.002). Retinopathy was reported in 25% of women and 16% of men, but a significant association with disability according to ADL and PPT was present only in women (p<0.001) (data not shown).
Discussion
In this study we found prevalence rates of diabetes of around 13%, similar to those found in previous studies [7] . Women had significantly higher rates of ADL disability, a result which is consistent with previously reported data [2] .
Of great importance is the extremely high prevalence in both sexes of physical limitations based on PPT. This is a matter of concern, because previous studies have shown that impairments in physical functioning of the lower extremities are independent predictors of loss of autonomy [3, 4, 8] . Diabetes is often accompanied by vascular and neurological disorders, as well as depressive symptoms and dementia, but these cannot explain completely the increased risk of disability. Therefore, other factors, not included in these analyses, are possibly major determinants of disability in older diabetics. These could include cognitive impairment, which has been reported to be more frequent in diabetic individuals [1] , as well as muscle wasting, a condition frequently associated with diabetes and aging per se, with detrimental effects on physical functioning.
In conclusion, understanding the pathway from diabetes to disability is very important, because diabetes may be one of the few reversible causes of disability. Our findings should prompt clinicians to find secondary and tertiary preventive strategies for optimising the quality of life of older people with diabetes. In addition to appropriate glycaemic control and management of diabetes and its complications, a multidimensional assessment should always be performed. 
